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Introduction
Increasing working hour limitations and tight health care budgets have posed significant challenges to emergency surgical services. Appendicitis is one of the most common surgical emergencies. If we could safely manage this disease in a semielective manner, as proposed by other investigators [1] [2] [3] [4] , resource utilization would be optimized.
The association between the delay to appendectomy (AE) with outcomes in patients admitted with acute appendicitis is highly controversial. Increasing rates of appendiceal perforation and surgical site infections have been associated with a longer delay to AE [5] [6] [7] . In contrast, a large number of studies have found a relationship between perforation and the prehospital delay, whereas no association with the in-hospital delay was found [6, [8] [9] [10] [11] . These results suggest that the majority of perforations occur before the patients arrive at the hospital.
At Bern University Hospital, surgical interventions between 23:00 and 08:00 h have been restricted since 1 January 2010 to patients in a critical state of health and with an expected serious adverse outcome if not operated on within 6 h. Due to the highly questionable association between the delay to AE with outcomes, this new rule also was applied to patients admitted with suspected acute appendicitis. We opted to assess the safety of this new policy in patients admitted with acute appendicitis and to examine its impact on the in-hospital delay to AE.
Methods
After Institutional Review Board approval (IRB number 12-007), the prospectively entered operation registry of the Department of Visceral and Transplant Surgery at Berne University Hospital, Switzerland, was queried for patients who underwent AE from 1 January 2006 to 31 December 2011. Berne University Hospital is a tertiary academic center providing a 24-h surgical service. There is a surgical team on call during the day (8:00 and 18:00 h) and another team at night (18:00 and 08:00 h). There are anesthesia teams and operating room (OR) personnel in-house available at any time. Generally, AEs are performed by residents under the supervision of an attending abdominal surgeon. At nighttime, there are two ORs dedicated to emergency cases available. These two ORs are shared between abdominal, cardiothoracic, neurosurgical, and orthopedic emergencies. Every case is prioritized by the responsible surgeon (Priority 1 immediate operation required, Priority 2 operation required within 6 h, Priority 3 operation required within 6-12 h, Priority 4 operation required within 12-24 h). This standardized prioritization subsequently defined the sequence of procedures.
The patients' data were collected retrospectively using a computerized spreadsheet (Microsoft Excel 2003, Microsoft Corporation, Redmond, WA) and included demographics on hospital admission, in-hospital delay from emergency room (ER) admission to AE, and clinical data. The collected demographic variables were age, gender, diabetes mellitus, smoking history, steroid therapy, American Society of Anesthesiologists (ASAs) physical status classification, C-reactive protein (CRP), and white blood cell (WBC) count at admission and prehospital duration of abdominal pain. The presence of appendiceal perforation was queried from the written pathological report of the surgical specimen.
The ER admission times were captured from the electronic patient management system in which patient entries to the ER suite are routinely documented by the ER nurses (4dClient Ò , version 6.8, 4D S.A., San Jose, CA). In addition, the time of notification of the OR personnel (including the anesthesiologists) by the responsible surgeon was obtained from the institutional electronic OR registration system that systematically records the time of all patient entries. Finally, operation times were queried from the electronic patient management system, where incision times are documented routinely by the OR personnel (Polypoint Ò RAP DIS DOC, version g2.6.3, Erne Consulting AG, Gümligen, Berne, Switzerland).
Since 1 January 2010, surgical interventions between 23:00 and 08:00 h have been restricted to patients in a critical state of health and with an expected serious adverse outcome if not operated within 6 h. Patients with suspected appendicitis were defined as having a noncritical health condition and were prioritized as requiring operation within 12 h (Priority 4). Patients with suspected acute appendicitis who were not operated on until 23:00 h could be postponed to the next day at the discretion of the responsible attending surgeon. These deferred patients were prioritized the following morning (at 08:00 h) as requiring operation within 6 h. Patients who underwent AE before introduction of this new policy were defined as the ''2006-2009 group.'' Those who fell within the new rule were defined as the ''2010-2011 group.'' Preoperative diagnostic measures routinely included clinical examination, laboratory parameters (including CRP level, WBC count), and abdominal ultrasonography. Due to ethical concerns, the decision and timing of surgical intervention was always at the discretion of the attending surgeon. All patients received i.v. antibiotic prophylaxis with amoxicillin/clavulanic acid, ciprofloxacin/metronidazole or piperacillin/tazobactam until surgical intervention. This regimen of prophylactic antibiotic therapy before surgery was applied during the entire study period.
Firstly, in order to detect potential risk factors for appendiceal perforation, patient characteristics, including in-hospital delay to operation, were compared between the perforated and the nonperforated group using univariate analysis. Subsequently, all differences (p B 0.2) were entered into a forward logistic regression model to identify independent risk factors for appendiceal perforation. The in-hospital delay was forced into the equation of this regression model. Secondly, the 2006-2009 group and the 2010-2011 group were compared to assess the impact and safety of the new policy of ''no nighttime appendectomy'' on the patients' clinical outcomes and in-hospital delay to AE. Primary outcome measures included the rate of appendiceal perforation, infectious complications (wound infections/fascial dehiscence and abdominal infectious complications or abscesses), postoperative ileus (no stool passed for [3 days after surgery), and hospital length of stay (HLOS). Secondary outcome measures included the in-hospital delay from ER admission to AE, ER admission to notification of OR personnel by the responsible surgeon, and the delay from notification of OR personnel to AE. In addition, the in-hospital delay was compared between the two study groups stratified according to the ER admission time.
Continuous variables, times, and categorical variables are reported as mean ± standard deviation (SD), median (range), and percentages, respectively. p values were obtained from the v 2 test for proportions or Student's t test for continuous variables. Mann-Whitney U test was used to compare not normally distributed data. All statistical analysis were performed using the Statistical Package for Social Sciences (SPSS WindowsÓ), version 17.0 (SPSS Inc., Chicago, IL).
Results
During the 6-year study period, 390 patients were admitted with the diagnosis of acute appendicitis and subsequently underwent AE. The overall mean age was 35.7 ± 16.2 years and 52.8 % (N = 206) were male patients ( Table 1 ). The mean duration of prehospital abdominal pain was 38.4 ± 53.4 h. The mean CRP level and WBC count on admission were 65.2 ± 76.7 mg/L and 12.6 ± 4.7 9 10 3 /L, respectively. Overall, 98.2 % (N = 383) of AEs were performed laparoscopically, with a conversion rate of 5.6 % (N = 22). The mean delay from ER admission to AE was 15.2 ± 12.9 h. The mean time from ER admission to notification of the OR team by the responsible surgeon was 8.1 ± 10.5 h, and the time from notification of the OR team to AE was 7.3 ± 8.3 h (Table 1) . Overall, the negative AE rate was 5.4 % (N = 21).
The overall rate of perforated appendicitis was 19.5 % (N = 76). Patients with appendiceal perforation had significantly more wound infections/fascial dehiscences and abdominal abscesses than the nonperforated group (5.3 vs. 0.3 %, p = 0.001, and 3.9 vs. 0.6 %, p = 0.021). Univariate analysis revealed that patients with appendiceal perforation were older, had a longer prehospital history of abdominal pain, had higher CRP levels and WBC counts on admission, and had an increased ASA physical status classification (Table 1) . However, the distribution of inhospital delays was similar in the perforated and nonperforated groups. Forward logistic regression analysis revealed the following independent risk factors for perforation [ Table 2 presents detailed overall patient characteristics and comparison between these two study groups. The demographics compared did not show any statistical significant differences. However, the proportion of patients who underwent AE during the night (between 23:00 and 08:00 h) differed significantly between the two groups (45.9 vs. 18.5 %, p \ 0.001; Table 2 ). Before introduction of the new guidelines, the number of AEs peaked shortly after midnight. After introduction of the new policy, the AEs shifted towards the late afternoon.
The clinical outcomes, including perforation rate and infectious complications, were similar in the 2006-2009 and the 2010-2011 groups (Table 3) Fig. 1 ]. Due to the bimodal distribution of the delay to AE of the 2010-2011 group further analysis was performed using medians (range) and Mann-Whitney U test. It was found that the overall median time from ER admission to AE and ER admission to notification of OR did not significantly differ statistically between the two study groups (Table 2) . However, the median time from notification of OR to AE was significantly shorter for the 2006-2009 group compared with the 2010-2011 group [3.6 (0.5-51.3) vs. 5.0 (0.5-33.6) h, p = 0.042; Table 2 ]. The median times from ER admission to AE, ER admission to notification of OR, and notification of OR to AE in relation to the time of ER admission were further assessed (Table 4 ). For the subgroup of patients that arrived at the ER between 00:00 and 3:59 h, a significantly shorter overall in-hospital delay from OR-notification to AE was found for the 2006-2009 group than for the 2010-2011 group [6.6 (1.9-114.8) vs. 13.5 (5.8-70.4) h, p = 0.022; Table 4 ]. In addition, for the subgroup of patients that arrived at the ER between 20:00 and 3:59 h, significantly shorter delays from OR notification to AE were found for the 2006-2009 group than for the 2010-2011 group (Table 4) Table 4 ].
Discussion
The present study has demonstrated that the restriction of nighttime AEs is feasible and safe with respect to rates of appendiceal perforation, infectious complications, and HLOS. However, after introduction of this new rule, the proportion of patients with an overall in-hospital delay of [12 h increased significantly. Nevertheless, these results suggest that appendicitis can be managed safely in a semielective manner. Especially in view of increasing working hour limitations and tight health care budgets, this could optimize resource utilization.
At the University Hospital of Bern, AE is still the standard of care in patients with acute appendicitis. Although feasible, nonoperative management of uncomplicated appendicitis with antibiotics has been shown to have an overall inferior efficacy because of the high rate of recurrence compared with AE [12] .
Several authors have shown that appendiceal perforation increases postoperative infectious morbidity and overall mortality [5] [6] [7] . Multiple risk factors for appendiceal perforation have been described in the past [6, 7] . Older age, increasing WBC count and CRP level, as well as prehospital duration of abdominal pain are some of these risk factors that were confirmed in the current study. In contrast, large recent studies have suggested that the in-hospital delay to AE does not increase perforation rates or negatively impact the outcome of patient with acute appendicitis [1, 6, [8] [9] [10] [11] 13] . These findings suggest that appendiceal perforation occur before the patients arrive at the hospital. The current series supports this finding, because the prehospital duration of abdominal pain was independently associated with perforation, whereas the inhospital delay was not (Table 1) .
On 1 January 2010, new guidelines (as described in the ''Methods'' section) were applied at Bern University Hospital to reduce the number of nighttime AEs. However, due to ethical concerns, the decision and timing of surgical intervention was at the discretion of the attending surgeon. Nevertheless, this intervention resulted in a significant decrease in nighttime AEs: from 46 to 19 % (p \ 0.001). Before introduction of these guidelines, the number of AEs peaked shortly after midnight. After introduction of the new policy, the AEs shifted towards the late afternoon, with the surgical team on call during the night released. Although many investigators have found correlations between in-hospital delay and outcomes, this does not permit any definitive conclusion about the necessity of nighttime AEs. Many variables might influence the inhospital delay to AE, such as the available diagnostic and OR capacity at different points in time. The present singleinstitution study permits the comparison of two similar groups of patients treated under different policies for nighttime AEs. In addition, very accurate times of ER admission, times of notification of the OR personnel by the responsible surgeon, and incision times were available for analysis. The time of notification of the OR personnel corresponds to the time required for the diagnosis and decision taken by the responsible surgeon. This diagnostic procedure is an essential part of the overall in-hospital delay and should be considered when it comes to in-hospital process improvement. To the best of our knowledge, there are currently no comparable studies available with similar data on diagnostic delay.
According to the present study, restriction of nighttime AEs by the new guidelines significantly increased the proportion of patients with an overall in-hospital delay of (Table 4) . This group of patients arrived in the middle of the night and their operation was postponed until the next morning in accordance with the new guidelines, whereas under the previous rule, they would have been operated on immediately at night. Another interesting finding is that for patients who arrived at the ER between 12:00 and 15:59 h, there was a trend towards a shorter delay from ER admission to OR notification in the 2010-2011 group (Table 4) . The new policy might have obliged the responsible surgical team on call to accelerate the diagnostic procedure to get the patient to the OR before 23:00 h. This finding emphasizes the complexity and importance of the human factor when it comes to diagnostic delays and acceleration of in-hospital processes.
Another interesting finding is the fact that 19 % (N = 25) of AEs within the 2010-2011 group were still performed between 23:00 and 08:00 h. To further assess these ''protocol violations,'' we compared the same characteristics and outcomes as shown in Tables 2 and 3 of these 25 patients with the remaining 110 patients in the 2010-2011 group. The only difference found was a Fig. 1 Comparison between the study groups of the overall inhospital delay to appendectomy. ER emergency room, ns not significant significantly longer overall in-hospital delay for the 25 patients operated during the night compared with the remaining 110 patients (19.4 ± 14.9 vs. 13.9 ± 8.4 h, p = 0.013). It seems that the surgical team on call wanted to get these patients to the OR to limit the in-hospital delay, which had already been extensive. It is striking that the rates of appendiceal perforation (16 %) and infectious complications (4 %) were not increased in these patients.
Limitations
The major limitations of the current study are its retrospective design and the relatively small number of patients. Due to ethical concerns, the data were analyzed after 2 years of observation with the new policy of no nighttime AE. By this, the sample size was given.
Conclusions
The present study demonstrates that in patients with acute appendicitis the restriction of AEs between 23:00 and 08:00 h does not increase appendiceal perforation rate and infectious complications. Therefore, we support the practice of treating acute appendicitis in a semielective manner to optimize hospital resource utilization.
